Quality parameters including sensory and physical characteristics and proximate and mineral composition in M. psoas major, M. semimembranosus, M. longissimus thoracis et lumborum and M. triceps brachii of Swallow-Belly Mangulica pigs were determined. Type of muscles had no significant effect (P > 0.05) on water-holding capacity, protein, total fat and K, P and Ca content. The M. psoas major was the highest in pH 24h , water-holding capacity, CIEa* and CIEb* values, moisture, K, P and Cu content, and the lowest in visual marbling score and total fat content. The M. semimembranosus was the highest in Mg and Ca content, and the lowest in CIEL* value (darkest muscle) and K content. The lightest colour (CIEL* value), the highest content of protein, total fat and total ash, and the lowest visual colour score, pH 24h , CIEa* and CIEb* values, content of moisture, Na, Ca, Zn, Fe and Cu were found in M. longissimus thoracis et lumborum. The highest visual colour and marbling score, the highest content of Na, Zn and Fe, and the lowest water-holding capacity, content of protein, total ash, P and Mg were found in M. triceps brachii.
The major sources of variability in food (pork) quality are the wide diversity of soils and climatic conditions (geographical origin), seasonal variations, physiological state and maturity, as well as cultivar and breed [1] . The continuous innovations in the breeding systems, rearing practices, feeds composition, preslaughter handling, slaughtering methods, chilling and storage conditions largely contribute to induced changes in pork quality [2] [3] [4] .
In recent years, demand for meat and meat products from southern European indigenous pig breeds has increased [5] . The most representative Serbian indigenous pig breed is the Mangulica, which is primarily bred in the Northern part of the country (Autonomous Province of Vojvodina, located in the Pannonian Plain). In Serbia, there are three varieties: White (Blond), Swallow-Belly and Red Mangulica [6] [7] [8] [9] [10] [11] [12] [13] . This indigenous pig is mainly kept under free-range (outdoor) systems till live weight about 150 kg -approximately 2 years [11] . The free-range system increases the value of animal products due to the influence of outdoor rearing on the sensory, chemical and physical characteristics [5] . Traditionally, meat from indigenous, as well as Mangulica, pigs has been processed into unique highly-priced dry-cured meat products: dry-hams, loins, and sausages [14, 15] . Most of these products still rely primarily on local, traditional manufacturing processes. However, there is a lack of information about characteristics of meat from Swallow-Belly Mangulica pigs, reared under intensive production system, for fresh consumption.
Having in mind that, the objective of this paper was to investigate the sensory (colour and marbling), physical (pH value, colour and water-holding capacity) and chemical (proximate and mineral composition) characteristics of M. psoas major, M. semimembranosus, M. longissimus thoracis et lumborum and M. triceps brachii of intensively reared Swallow-Belly Mangulica pigs. This study represents the continuation of the research on the meat quality of Swallow-Belly Mangulica pigs reared under different conditions.
EXPERIMENTAL

Meat samples collection and preparing
This study included 15 Swallow-Belly Mangulica pigs. The composition of the intensive pig diet is presented in Table 1 . The finishers were housed in pens with fully slatted floor and 0.80 m 2 space allocation per pig. Each pen contained 10 animals. The environmental temperature in the building was 22 °C. All pigs had ad libitum access to diet and water [16] . Carcasses were conventionally chilled for 24 h in a chiller at 2-4 °C. After chilling, M. psoas major (PM), M. semimembranosus (SM), M. longissimus thoracis et lumborum (LTL) and M. triceps brachii (TB) were removed from the right side of each carcass. The meat samples for measurements of sensory and physical characteristics and determination of proximate and mineral composition were prepared as described in detail by Tomović et al. [11] .
Meat quality measurements
Sensory analysis (colour and marbling), physical measurements (pH value, water-holding capacity and colour), proximate composition (moisture, protein, total fat and total ash), mineral composition (phosphorous, potassium, sodium, magnesium, calcium, zinc, iron and copper), quality control programme and statistical analysis were performed as described in detail by Tomović et al. [11] .
RESULTS
Scores for sensory evaluated colour ranged from 3.2 (LTL) to 5.1 (TB), while scores for sensory evaluated marbling ranged from 1.0 (PM) to 2.3 (TB), Table 2 . The LTL muscles showed significantly (P < 0.001) the lightest visual colour and PM muscles showed significantly (P < < 0.001) the lowest marbling score, comparing to other three muscles. The pH value was significantly (P < 0.001) the lowest in LTL muscles (5.56) than in PM (6.07), TB (6.05) and SM muscles (6.02). Water-holding capacity (RZ, M/T and M/RZ values) did not differ significantly (P > 0.05) among four muscles. Values for RZ, M/T and M/RZ varied between 5.06 (PM) and 6.66 (TB), 0.41 (TB) and 0.51 (PM), and between 0.74 (TB) and 1.11 (PM), respectively (Table 3) . Significantly (P < 0.001) the lightest colour (highest CIEL* value) was obtained for LTL muscles (48.39), comparing to other three muscles. CIEL* values for other three muscles were: 38.56 (PM), 38.26 (TB) and 37.46 (SM). The PM muscles were the highest in redness (CIEa* value, 21.03), followed by TB (17.69), SM (14.72) and LTL (10.13) muscles, with significant (P < 0.001) differences among all four muscles. Also, PM muscles were significantly (P < 0.001) the highest in yellowness (CIEb* value, 6.98), comparing to other three muscles. CIEb* values for other three muscles were: 4.98 (TB), 4.72 (SM) and 4.14 (LTL), Table 4 .
Moisture content in the LTL muscles (72.03 g/100 g) was significantly lower comparing with PM muscles (74.22 g/100 g, P < 0.01) and TB muscles (73.20 mg/100 g, P < 0.05). The SM muscles exhibited intermediate level of moisture content (73.06 g/100 g). The TB muscles were significantly (P < 0.05) the lowest in total ash content (0.99 g/100 g), comparing to other three muscles. The LTL muscles showed numerically the highest total ash content (1.10 g/100 g). Protein content varied between 21.44 (TB) and 22.25 g/100 g (LTL), while total fat content was between 3.16 (PM) and 4.47 g/100 g (LTL), with no significant (P > 0.05) difference among all four muscles (Table 5) .
Potassium content varied between 279 (SM) and 303 mg/100 g (PM), phosphorus content varied between 218 (TB) and 228 mg/100 g (PM), while calcium content was between 5.46 (LTL) and 7.68 mg/100 g (SM), with ). The magnesium content was significantly higher in SM muscles (24.7 mg/100 g) than in LTL (23.5 mg/100 g, P < 0.05), PM (22.8 mg/100 g, P < 0.01) and TB muscles (22.6 mg/100 g, P < 0.01). The zinc content was significantly lower in LTL muscles (2.35 mg/100 g) than in PM (3.25 mg/100 g, P < 0.01), SM (3.47 mg/100 g, P < 0.001) and TB muscles (3.90 mg/100 g, P < 0.001). Also, zinc content was significantly (P < 0.05) lower in PM muscles than in TB muscles. The TB muscles were the highest in iron content (3.26 mg/100 g), followed by PM (2.74 mg/100 g), SM (1.85 mg/100 g) and LTL muscles (1.08 mg/100 g), with significant (P < 0.01 or <0.001) differences among all four muscles. The content of copper was significantly (P < 0.01 or <0.001) higher in PM (0.15 mg/100 g) and TB muscles (0.14 mg/100 g) than in SM (0.11 mg/100 g) and LTL muscles (0.10 mg/100 g), (Table 6) .
DISCUSSION
Meat quality has five dimensions: sensory quality, technological quality, nutritional quality, hygienic and toxicological quality and immaterial quality (the last dimension has environmental, ethical, ethnical and religious aspects). The sensory factors of meat quality include colour, marbling, odour, taste, juiciness, consistency and tenderness, while technological factors of meat quality include pH value, colour, water-holding capacity, tenderness, protein content and its status, fat content and its status and connective tissue content [17, 18] .
The most important parameters, which enable identification of sensory and technological meat quality, include the pH value, measured in the muscle tissue 30-60 min (pre-rigor state) and 24 hours post-mortem (post-rigor state), meat colour and water-holding cap- acity measured 24 h post-mortem [18, 19] . The rate of post-mortem pH value decline affects some other meat quality parameters (colour, water holding capacity) [20] . In this study PM, SM and TB muscles had significantly (P < 0.001) higher ultimate pH value than LTL muscles. Also, almost all individual ultimate pH values, except for LTL muscles, were over the characteristic range for pork (5.3-5.8 [18, 21] ) (Table 3) . Ultimate pH of meat from Swallow-Belly Mangulica pigs reared under intensive production system were higher, especially in PM, SM and TB muscle, comparing with results previously published by Tomović et al. [11] for free-range reared Swallow-Belly Mangulica pigs slaughtered at 150 kg body weight. Similar results for ultimate pH in LTL muscles from other southern European indigenous pig breeds (Chato Murciano and Cinta Senese) were reported by Peinado et al. [22] , Pugliese et al. [23] and Galián et al. [24] .
Colour is one of the most important quality characteristic of fresh pork [3, 19, 25, 26] . According to sensory analysis, colour of LTL muscles was evaluated as reddish pink (score 3.2), while other three muscles (PM, SM and TB) had significantly (P < 0.001) darker colour than reddish pink (higher than score 3), Table 2 . Results of instrumental colour (CIEL* value) measurement shown same trend, i.e., LTL muscles were significantly (P < 0.001) the lightest (Table 4) . Thus, regarding all individual values for lightness (CIEL* value, Table 4 ) three groups of muscles (PM, SM and TB) had dark colour (dark colour: CIEL* < 42 [27] [28] [29] ). Also, the LTL muscles had all individual CIEL* values lower than 53 (Table 4) , what is the highest acceptable CIEL* values for LTL muscle of normal quality [18, [27] [28] [29] . Good relationship between visual evaluations of colour and instrumental colour measurements (r = -0.91, P < 0.001) was also determined. All this indicate that meat from Swallow-Belly Mangulica has from reddish-pink to purplish-red colour. Results for colour obtained in this study could be explained with previously elaborated effects of ultimate pH on colour and with calculated correlation coefficient between colour and ultimate pH (r = 0.78 and r = -0.88, P < 0.001). Colour of meat from Swallow-Belly Mangulica pigs reared under intensive production system parallel that reported by Tomović et al. [11] , as well as results reported for LTL muscles from other southern European indigenous pig breeds by Cava et al. [14] and Estévez et al. [30] for Iberian pigs, Galián et al. [15, 24] , Poto et al. [31] and Peinado et al. [22] for Chuto Murciano pigs, and Pugliese et al. [23, 32] for Nero Siciliano and Cinta Senese pigs.
Beside the colour, water-holding capacity is also one of the most important quality characteristic of fresh pork [3, 16, 20, 25] . In this study water-holding capacity (RZ, M/T and M/RZ values) was not significantly (P > 0.05) affected by the type of muscle (Table 3) , being in agreement with results previously published by Tomović et al. [11] . Obtained results indicated good water-holding capacity of meat from Swallow-Belly Mangulica (a bigger M/T ratio indicating a better waterholding capacity; exudative meat: M/T < 0.35, nonexudative meat: M/T = 0.35-0.45, dry meat: M/T > 0.45 [33] ). As for colour, results for water-holding capacity obtained in this study could be explained with previously elaborated effects of ultimate pH on waterholding capacity, as well as with calculated correlation coefficient between water-holding capacity and ultimate pH (r = 0.52, P < 0.05 and r = 0.57, P < 0.01).
The nutritive factors of meat include proteins and their composition, fats and their composition, vitamins, minerals, utilization, digestibility, and biological value [17, 18] .
In this study protein and total fat contents were not significantly (P > 0.05) affected by the type of muscle. The protein level in all individual muscle was higher than 20 g/100 g ( Table 5 ). Results for protein content are in agreement with results previously published by Tomović et al. [11] for Swallow-Belly Mangulica and for modern (Large White and Landrace) pigs [34] , as well as with results reported for LTL muscles from southern European indigenous pig breeds by Cava et al. [14] , Pugliese et al. [23, 32] and Parunović et al. [9] for Iberian, Cinta Senese, Nero Siciliano and Mangulica pigs. Among the qualitative traits of meat, evaluating intramuscular fat content seems to be the best way to separate indigenous pigs from modern ones [5] . Considering that the sensory traits of raw meat are linked to intramuscular fat content it is believed that 2-2.5 g/100 g of intramuscular fat content is the minimum acceptable level [35] . Meat from Swallow-Belly Mangulica pigs reared under intensive production system had total fat content higher than 2.45 g/100 g (up to 6.08 g/100 g), Table 5 . The corresponding value in modern (Large White and Landrace) pigs was less than 1.5 g/100 g [34] . Comparing with the data reported by Lawrie and Ledward [25] for lean pigs at the age of 6 months, another prominent characteristic of Swallow--Belly Mangulica muscles is almost twice higher total fat content. Total fat content determined in this study in PM, SM and TB muscles were at the similar level as previously reported results for Swallow-Belly Mangulica pigs, while the total fat content in LTL muscles was almost two times less [11] . Regarding fat content in LTL muscles from southern European indigenous pigs, results reported by other authors were in the wide range: 12.87-27.93 g/100 g for Iberian pigs [36] [9] . As expected, in this study, the inverse relationship of moisture content with protein (r = -0.75, P < 0.001) and with total fat content (r = -0.69, P < 0.01) was determined. In addition, correlation coefficient for the relationship between marbling and total fat content was good (r = 0.65, P < 0.01).
In scientific literature there is a lack of information about mineral content in meat from indigenous pigs. In this study, Na, Mg, Zn, Fe and Cu content was significantly (P < 0.05) affected by the type of muscle. The content of the minerals in decreasing order in all four muscles was: K, P, Na, Mg, Ca, Zn, Fe and Cu (Table  6 ). Only two minerals (sodium and iron) were present in different amount than in meat from free-range reared Swallow-Belly Mangulica pigs slaughtered at 150 kg body weight. Sodium was lower for all four muscles, while iron was higher only in TB muscles [11] . Considering all investigated minerals, iron and copper content obtained in this study for LTL muscles from Swallow-Belly Mangulica pigs were noticeably lower than in Chato Murciano pigs [15, 31] . Meat exhibits natural variations in the amounts of nutrients contained and the limits of the natural nutrient variations are not defined. Major sources of variation in meat are the proportion of lean to fat tissue, and the proportion of edible to inedible materials (bone and gristle). Variations in the lean-fat ratio affect the levels of most other nutrients, which are distributed differently in the two fractions [1] .
CONCLUSION
Comparing obtained results of meat quality of Swallow-Belly Mangulica pigs reared under intensive production system and slaughtered at 100 kg live weight with previously determined meat quality of free-range reared Swallow-Belly Mangulica pigs and slaughtered at 150 kg body weight, it can be concluded that SwallowBelly Mangulica pigs can be reared indoor with remained typical and good sensory, technological and nutritive quality.
